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Figure 2. Time to pr&ression comparison for the two study arms: Herceptin@ plus chemotherapy 

(Herceptin) and chemotherapy alone (control). Study H0648g. 
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Figure 3. Time to progression comparison of the two AC subgroups:. ACplus Herceptin@ (Herceptin) 
vs. AC alone (control). Study H0648g. 
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Figure 4. Time to pr&ession comparison of the IWO paclitaxel subgroups: Herceptin@ plus T 
(Herceptin) vs. T alone (control). Please note that the x-axis scale is different than in Figure 3; this will be 
corrected. Study H0648g. 
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6.6.9 Secondam Efficacy Endpoints 

Response Rate 
The overall response rate was prospectively defined by the protocol to be the sum of the 
complete and partial response rates, sustained for 4 or more weeks as determined by the 
REC. The FDA analyzed the response data as submitted in the SAS data sets by the 
sponsor. The FDA analysis of the data included only the REC confirmed responders. We 
has asked the sponsor to have the REC read all films for all patients whom they had not 
evaluated at the time of BLA filing, regardless of their investigator determined 
progression status. The decision by the FDA to request the data in this manner rested on 
the fact that investigator tumor measurements were not collected on the data forms and 
there was no mechanism for the FDA to confirm the investigator responses. 

The response rate data appear in Tables 17 and 18. Patients receiving Herceptin@ plus 
chemotherapy had a higher response rate than those receiving chemotherapy alone: 45% 
vs 29%, respectively. This effect was seen primarily in the paclitaxel subgroup: for 
ACH vs AC groups the response rates were 50% vs 38% (p = 0. IO), respectively and for 
the TH vs T groups they were 38% vs 15% (p = O.OOl), respectively. The median 
duration of response was also longer for the HerceptinB treated patients: 2.7 months 
longer for the ACH group vs AC and 4.0 months longer for the TH group vs T alone. 
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Table 17. Resnonse rate and duration of response - Sponsor derived data sets H0648g 

Parameter 
1 

ACH AC iH -T H + Chemo Chemo 

n, (“A) n, (“~1 n, WI n, (“A) n, (%I alone 

n=143 n = 138 n = 92 n = 96 n=235 n, W) 
n = 234 

All responses 
(CR + PR) 

Al I responses 

(CR) 
Confirmed 

responses 

(REC) 
Median 

Duration of 
response for 
confirmed 
responses (mos) 
95% Cl for 

duration of 

70 (49) 65 (47) 32 (35) 35 (26) 102 (43) 90 (38) 

5 (3) f (5) 4 (4) 2 (2) 9 (4) 9 (4) 

51 (36) 49 (36) 20 (22) 12 (13) 71 (30) 61 (26) 

5.7 5.6 6.3 4.3 5.7 5.5 

1.3, 14.7 1.5, 13.7 3.7. 17.5 1.5, 7.4 1.8, 14.3 1.4, 12.9 

response 

Table 18. Response rate and duration of response - FDA derived data sets H0648g 
Paramctrr ACH AC TH T H + Chcmo Chcmo 

n, (“A) n, (“A) n, (Oh) n, tohI n, (Oh) alone 

n= 143 n = 138 n = 92 n = 96 n = 235 n, WI 
n = 234 

Confirmed 71 (50%) 53 (38%) 35 (3S%) I4 (15%) I06 (45%) 67 (29%) 

responses (REC); 
CR+PR [4 I.571 [JO,461 (26,461 [7,221 [37,50] [33,34] 

[ 95?6 Cl] 

p value X’ fest 0.10 0.00 1 co.00 1 

Confirmed CR 7 (5%) 4 (3%) 4 (4%) 2 (2%) 1 I (5%) 6 (3”h) 

(REC) 
hledtan Durarton of 9.1 6.4 S.3 4.3 9.1 5.8 

response for 
confirmed responses 

(mos) 
‘50/o - 9. 75 . 5.8, 14.9 4.5,8.5 4.9, 11.0 3.7,7.4 5.5, 14.9 3.9, 8.5 

% quantile for 
median duration of 
response 

Time to Treatment Failure 
Time to treatment failure was defined as the time from the date of enrollment to the date 
of progressive disease, death, introduction of additional non-protocol defined anti-tumor 
therapy, or study discontinuation for any other reason. 
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Table 19. Time to Treatment Failure - Sponsor derived data set H0648g 

The survival analysis was complicated by the fact that patients who had REC defined 
progressive disease could “cross-over” and receive HerceptinB with or without other 
anti-tumor therapy in study H0659g. Table 20 and Figures 5,6, and 7 present the 
surv?val data to the cutoff date of March 1998. V’hile there appeared to be no difference 
in the median sumival between subgroups (ACH vs AC and TH vs T), the short term one- 
year survival was longer for those patients who received HerceptinO. In addition, as can 
be seen in Figures 5,6, and 7, there was a great deal of censoring of the data after month 
12 indicating that the data were not mature at the time of the analysis. Therefore, this is 
an interim and not a final survival analysis. 

Table 20. Survival H0648g 

a The upper hmit of the 95% confidence mterval has not been reached at this time. 
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Figure 5. Survival plot for all patients treated on trial H0648g. Comparison of the two randomized arms: 

Herceptin plus chemotherapy vs. chemotherapy alone. 
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Figure 6. Survival plots for patients treated with AC chemotherapy with and without 

Herceptin. 
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Figure 7. Survival plots for patients treated with paclitaxel chemotherapy with or 
without Herceptin. 
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6.6.10 Immunohistochemistrs (IHC) tcstiw for protein ol*erexnression of HER2 

As a selection criterion for patients enrolled on H0648g, the presence of HER2 protein 
overexpression in tumor biopsies based upon IHC reading scores of 2+ or 3+ (on a 0 - 3+ 
scale) was required. It is important to note that when reading the IHC slides the 
pathologists had been readily able to identify 3+ and 0 scored tumors, whereas, I+ and 2+ 
tumors were more difficult to distinguish one from the other. Also, 3+ and 0 scores will 
outnumber l+ and 2+ scores on any random sampling. Table 21 lists the number of 
patients who had 2+ or 3+ protein overexpression. Table 22 shows the response rates 
(sponsor’s data set) for the 2+ and 3+ patients separately. A larger percent of 3+ patients 
in the treatment arm (H + chemo) responded to therapy compared to 2+ patients; yet. in 
the control arm (chemo alone), the trend is reversed, with a greater number of 2+ patients 
responding. 

Please see Section 7.0 of this review for a detailed analysis of the level of HER2 
overexpression and clinical outcome of patients treated with HerceptinB 
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Table 21. Responding patients relative to immunohistochemistry score of protein over- 
expression. H0648g 
Parameter ACH AC TH T H + Chcmo Chemo alone 

No. pts 2+ 35 42 24 19 59 61 

No. pts 3+ 108 96 68 77 176 173 

- 

Table 22. Proportion of patients who had a tumor response (2+ vs 3+). HO6488 

Parameter ACH AC TH T H + Chemo Chcmo alone 

2+ patients % 26 38 17 11 22 30 

3+ patients % 39 34 24 13 33 25 

6.7 Results - Safety H0618g 

6.7.1 Adverse c\*cnts overall 

The data set submitted by the sponsor for adverse events was evaluated for selected 
adverse events which were frequent or by their nature of concern even if not frequent in 
incidence. In reviewing the case report forms, it was noted that there was considerable 
variability in the reporting of adverse events between sites with some sites reporting none 
or almost no adverse events and others reporting many pages worth of adverse events for 
patients receiving the same therapies; there did tend to be within site consistency in the 
frequency of reporting which suggests that the differences Were not differences in the 
number of actual events, but differences in methodology between investigators. The data 
for ad\*erse events appear in Tables 23 and 24 and include percentage of patients enrolled 
in each subgroup and the number of events which were moderate or severe. 
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Table 23. Adverse events H0648g. Listing as percent of those enrolled and treated on 
study H0648g who experienced the event. 
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Table 23 (continued). Adverse events listed as percent of patients with the event 
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Table 24. Adverse events H0648g. Listing by the number of moderate and severe events 
H0648g 
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- 

Table 24 (continued). Adverse events listed as number of moderate and severe events. 
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6.7.2 Adverse events, selected 
Due to the problems inherent with the use of preferred terms in which double counting 
for some entries (e.g. leukopenia and neutropenia) may or may not occur and the fact that 
the non-scheduled laboratories were not included in the SAS data sets, the FDA did a 
review of the CRFs for particular adverse events which were of concern and which in the 
preliminary analysis appeared to be different in incidence between the groups. The 
adverse events evaluated in this fashion include the following: 

1) febrile neLtropenia, neutropenic sepsis, neutropenia and fever 
2) leukopenia related events which includes the sum of events of leukopenia (if 

not listed already as neutropenia on the same day) + events of neutropenia + 
use of G-CSF or GM-CSF + febrile neutropenia episodes 

3) anemia related events which includes the sum of events of anemia + 
erythropoietin use + PRE3C transfusions 

Table 25 summarizes the data from the CRF review. 

Table 25. Selected toxicity events - FDA derived data set H0648g 
Parameter ACH AC TH T H + Chemo Chcmo alone 

7 cbrile 36 (25) 23 (17) 6 (7) 2 (2) 42 (18) 25 (11) 
neutropenia, 

#pts (%) - 

Febrile 
neutropenia, # 

events 

Leukopcnia 
related events, 

#pts (%) 

Leukopenia 
related events, 

#events 

Anemia related 

45 31 7 2 52 33 

96 (67) 63 (46) 29 (32) 23 (24) 125 (53) 86 (37) 

328 244 96 75 424 319 
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6.7.3 Cardiotoxicitv 
The following sources were used to evaluate cardiotoxicity: CRFs, patient narratives, 
SAS data sets, and line listings. It was discovered that a substantial amount of data was 
missing and additional materials were requested and received from the sponsor: CRFs 
from the Cardiac Response Evaluation Committee (CREC), corrected SAS data sets. 

The CREC charter stipulated that the committee evaluate the cardiac events for patients 
and classify the severity of heart failure using the New York Heart Association 
Classification system; the charter noted that :!ris was to be performed for the patient’s 
signs and symptoms at presentation and after the institution of therapy for the cardiac 
disease. The FDA analysis was a review of those same patients using the-same criteria, 
but the severity of cardiac dysfunction was assessed at its nadir or worst status (which 
was not necessarily the initial presentation or the final outcome). A few patients reviewed 
by the FDA and the sponsor were not reviewed by the CREC at the time of data 
submission. Due to the lack of baseline data for cardiac ejection fractions and cardiac 
assessments for many patients, it was difficult to make comparisons to patients who did 
not experience cardiac events. 

The CREC consisted of two oncologists and one cardiologist all from Memorial Sloan 
Kettering Cancer Center. They used the following criteria to evaluate patients: 

Cardiomyopathy characterized by a fall in cardiac EF that was either global or 
more severe in the septum 

Symptoms of CHF 
Associated signs of CHF including but not limited to S3 gallop, tachycardia 
A decline in cardiac EF of at least 5 points to below 55% with signs and 

sypmptoms or a fall in cardiac EF of at least 10 points to below 55% 
without signs and symptoms. 

Patients were scored using the NYHA classification system: 
I no limitations 
II comfortable at rest but ordinary activity leads to symptoms 
III comfortable at rest but less than ordinary activity leads to symptoms 
IV symptoms at rest, very limited in activity 

The FDA analysis used these same criteria but applied them to the patient’s worst status. 

The FDA also analyzed the data using the NC1 common toxicity criteria which employs 
the use of Ejection Fraction results, independent of symptoms. The analysis was not 
appreciably different from that outlined above; primarily it resulted in more grade 2 
toxicity and less grade 1 toxicity. 

Table 26 provides a profile composite of all patients who experienced cardiotoxicity. 
Parameters examined include age, prior radiation to the chest, past medical history and 
risk factors for cardiac disease, cumulative doxorubicin dose, and ejection fraction (EF) at 
nadir. For those patients who received epirubicin, the cumulative dose was multiplied by 
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0.5 to normalize it for risk of cardiac toxicity; Henderson et al.’ have estimated that the 
risk for cardiotoxicity with epirubicin is approximately half that of dosombicin on a mg 
per mg basis. It is important to note that there was only one patient with a cardiac failure 
event in the paclitaxel alone arm; this patient in fact was diagnosed Lvith S. aureus 
endocarditis and following antibiotic therapy maintained good left ventricular function as 
evaluated by two follow up echocardiograms. Examination of only those patients lvith 
cardiotoxicity revealed that there was little or no difference between the HerceptinB plus 
chemo arm and chemo alone in terms of baseline factors including age, prior XRT, 
PMH, cumulative anthracycline dose and baseline EF when examined as a percentage of 
those with toxicity. There was a trend toward a lower nadir EF in the ACH group 
compared to the AC alone arm; ho\vever, this group had a slightly lower baseline EF at 
baseline as well, so this trend may not be clinically relevant. The most notable 
differences were the incidence and sel’erity of cardiac dysfunction. Comparison of the 
t\\‘o arms demonstrrred that 5 1 of 235 patients (__ ‘3%) experienced cardiotosicity* on the 
HerceptinQ plus chemo arm while 11 of 234 (5%) experienced cardiotoxicity on the 
chemo alone aml. Examination of the AC subgroups reveals that 41 of 144 patients 
(2SSb) experienced cardiotoxicity Lvhile 10 of 138 -AC patients (7%) experienced 
cardiotoxicity. vote: one patient in the TH arm received only one dose of paclitaxel due 
to anaphylasis; she then went on to receilred 5 cycles of AC; for the cardiotoxicity 
analysis onI!,, this patient was included in the ACH arm and this is \vhy the n value is 144 
and not 143.1 Examination of the se\*erity. of cardiac dysfunction relpeals that there \vas a 
shift tolvard more N’HA class IV events in the ACH arm compared to the AC arm. In 
addition, the distribution of events in the TH am1 was similar to the AC arm. Finally, the 
T arm had only one event \vhich, one might argue, was due to co-existing endocarditis 
and not related to therapy for breas. cancer. The data for incidence and severity are 
depicted graphically in Figure S. In this figure. class III and IV events are separated from 
class I and II events in order to display the data in a clinically relelvant fashion. 

Comparison was also made betlveen cumulati\*e anthracycline doses of the patients who 
developed cardiotoxicity compared to those patients who did not de\velop cardiotosicity. 
Ho\ve\ver, the data for the patients \vho did not develop cardiotoxicity \j’as not collectec’ Yn 
as complete a fashion as for those \fith cardiotosicity; there was no cumulative 
anthracycline dose data for 25 patients. A similar comparison of prior chest irradiation 
and. cardiac related PMH was not conducted since the data were even less consistently 
collected and it was felt that such an analysis would not be possible due to missing data. 

The cause of death in patients who de\reloped cardiotoxicity was assessed. 
Cardiotoxicity was a factor in the deaths of two patients in the ACH subgroup and two 
patients in the AC subgroup. The two ACH patients and one AC patient also had breast 
cancer as an associated cause of death; one AC patient clearly died due to cardiac disease. 
The other AC patient died after receiving HerceptinB in the extension study H0659g. 

’ Henderson IC. Chemotherapy for metastatic disease. In Breast Diseases, Second Edition. Harris JR, 
Hellman S, Henderson IC, Kinne DW (eds). J.B. Lippincott, Philadelphia, 1991, pp 615-7. 
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Table 26. Profile/demographics of patients who developed cardiotoxicity H0648g. 
Percent of patients affected per subgroup appear in parentheses ( 

Parameter ACH AC TH T 
N= 144 N = 138 N=91 N =96 

# pts with 41 (28) 10 (7) 10 (11) l(1) 
cardiotoxicity 

# pts with NYHA 10 (7) 6 (4) 5 (5) 0 (0) 
class I CHF 
# pts with NYHA 3 (2) 0 (0) l(1) 0 (0) 
class II CHF 
I: pts with NYHA 7 (5) l(1) 3 (3) 0 (0) 
class III CHF 
# pts with NYHA 21 (15) 3 (2) 1 (1) 1 (1) 
class IV CHF 
# pts with prior 17 (12) 4 (3) 6 (7) 0 

XRT 

F pts with 23 (16) 6(4) 7 (8) l(1) 
+ PMH I I I I 
XRT + PMH 11 (8) 2 (1) 3 (3) 0 

Age. mean 55 50 54 45 

Age, range 26 - 73 37 - 62 36 - 72 45 

Nadir EF. -. 30 40 42 71 

median ’ 
Nadir EF, Cl’ 

Baseline EF, 
median b 

Baseline EF. Cl b 

Patients with 
cardic !oxicity: 

Cumulative 

anthracyciine 

dose, median 

(Cl) 

Patients without 

cardiotoxicity: 
Cumulative 
anthracycline 
dose, mediane 

(Cl) 

IO - 50 15-48 ‘0 - 52 71 

60 66 62 not 

33 - 80 62 - 75 

350 358 

(108, 578) (290,482) 

298 343 

(5 1, 625) (61.488) 

45 - 66 

281 

(60,432) 

445 

(74,724) 

available 

222 

(222,222) 

400 

(125.660) 

Herceptin 
+ Chemo 

51 (22) 

15 (6) 

4 (2) 

10 (4) 

22 (9, 

23 (10) 

30 (13) 

Chemo 

11 (5) 

6 (3) 

0 (0) 

1 (0.4) 

4 (2) 

4 (2) 

7 (3) 

IO-52 15-71 

60 66 

33 - 80 62 - 75 

348 351 

(74, 552) (222,482) 

348 356 

(59, 678) (79,605) 

I 

a Not all pawns had post-baseline eJectron frac~lons performed. The n value each group is as follows: 

ACH = 40, AC = IO, I-H = 9. T = 1. 

b Not all patients had baseline ejection fractions performed. The n value for each group is as follows: 

ACH=26,AC=5,TH=5,T=O. 

C This value includes data from 382 patients. There was no data for cumulative anthracycline dose in 25 

patients. 

Figure 8 below provides a graphical representation of the incidence and severity of 
cardiotoxicity. For purposes of comparison, the results from H0649g have been included; 
however, it must be noted that the patients enrolled on the single agent study H0649g 
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were heavily pre-treated patients \vith a poorer prognosis at study entry. For details on 

the H0649g patients, please refer to the safety section for H0649g of this relview. 

ACH AC TH T H alone 

Treatement Group 

_-- .-__ 
OClas: I and II 

n Class III and IV 

Figure 8. Summa?, of cardiac e\‘ents for each treatment subgroup of H063Sg and for patients treated 

\vith single asent HerceptinE in H0639g. The top of each column represents the total number of events 

and the shaded and unshaded areas are added to achieve the total. For &miple. for the ACH arm the 

percent of ciass I and II events is 9% and that of class 111 and IV events’is 19.4% and the total is ‘8.4%. 

Also. please note that the TH. T and H zlone youps had received anthrac\.clines in the past \\,ith the 

notable exeption of t\vo patients in the H alone group and these t\vo had evidence for pre-esisting cardiac 

disease; they did not receive anthracyclines concurrcntlj, \vith HerceptinE as did group ACH. 

The FD.4 also examined the incidence of cardio!osicity relati\?e to cumulati\.e 
anthracycline dose in the AU-I and AC subgroups. Patients \vere divided into three dose 
categories: < 300 m&n’, 301 - 350 mg’m’. and > 450 m&n’. It was felt that this 
permitted examination of therapeuticall>* relelvanr subgroups; the majority of patients 
XXYX~ expected to fall in the 301 - 450 mg/m’ dose range and in clinical practice this is the 
range lvithin \vhich mos. physicians treat their patients. This analysis \vas based upon the 
28 1 patients who received AC therapy on stud)- \\ith or without HerceptinB. The results 
are presented in Tables 27 and 28. There is a 6.5 fold and 6.7 fold difference in 
cardiotosicity in the < 300 and 301- 450 mg/m’ dose range? respectfully and 0.9 fold 
differences at the higher dose levels. Analysis of class III and IV e\‘enrs re\?eals even 
greater differences on the magnitude of 8.3 fold and greater. 
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